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SYSTEM AND METHOD OF CANCELLING 
NOISE RADIATED FROMA SWITCH-MODE 

POWER CONVERTER 

BACKGROUND 

SWitch-mode power converters are commonly used in 
electronic applications to shift direct current (DC) poWer 
levels. For example, sWitch-mode poWer converters are used 
in switching poWer supplies, in AC inverters and pulse Width 
modulated motor controllers. Switching frequency in the 
range a tens of kilohertZ is typically used so the siZe and 
Weight of magnetic components, such as transformers and 
inductors, are much smaller than components typically used 
in linear devices. 

HoWever, sWitch-mode poWer converters have disadvan 
tages Which can make them unsuitable for certain applica 
tions. For example, sWitch-mode poWer converters can be a 
source of different types of interference. In particular, elec 
tronic noise can be conducted on the output terminals. In 
addition, the sWitching action of sWitch-mode poWer convert 
ers radiates acoustic noise Which can interfere With other 
equipment. Other noise produced by sWitch-mode poWer 
converters includes electromagnetic interference produced 
by the sWitching transients. Typical sWitch-mode poWer con 
verters attempt to mitigate the effects of generated noise 
through ?lters, RF shielding, and/or noise cancellation elec 
tronics With digital signal processing algorithms. In the case 
of submerged applications, Where components are main 
tained at ambient pressure inside an oil pressure balanced 
enclosure, it is essential to simplify and minimiZe electronic 
circuit components to obtain suitable reliability in that type of 
environment. 

For the reasons stated above and for reasons that shall 
become apparent to one of ordinary skill in the art upon 
reading and studying the present application, there is a need in 
the art for a system Which effectively cancels radiated noise 
from a sWitch-mode poWer converters. 

SUMMARY 

The above mentioned problems and other problems are 
resolved by the present invention and Will be understood by 
reading and studying the folloWing speci?cation. 

In one embodiment, a sWitch-mode poWer converter is 
provided. The sWitch-mode poWer converter comprises a 
converter circuit and an auxiliary sWitching circuit. The con 
verter circuit comprises a storage component con?gured to 
temporarily store input energy; and at least one sWitch con 
?gured to control release of the stored energy from the storage 
component. The auxiliary sWitching circuit is coupled to the 
storage component, the auxiliary sWitching circuit compris 
ing an auxiliary sWitch having a duty cycle that is approxi 
mately 180 degrees out of phase With the duty cycle of the at 
least one sWitch in the converter circuit such that the auxiliary 
sWitching circuit produces compensating noise Which sub 
stantially cancels noise radiated from the converter circuit. 

DRAWINGS 

Features of the present invention Will become apparent to 
those skilled in the art from the folloWing description With 
reference to the draWings. Understanding that the draWings 
depict only typical embodiments of the invention and are not 
therefore to be considered limiting in scope, the invention Will 
be described With additional speci?city and detail through the 
use of the accompanying draWings, in Which: 
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2 
FIG. 1 is a block diagram of a system With an acoustically 

quiet poWer converter according to one embodiment of the 
present invention. 

FIG. 2 is a block diagram of an acoustically quiet poWer 
converter according to one embodiment of the present inven 
tion. 

FIG. 3 is a block diagram of an acoustically quiet poWer 
converter according to another embodiment of the present 
invention. 

FIG. 4 is a block diagram of a poWer converter con?gured 
to cancel EMI produced by a magnetic ?eld radiated by a 
converter circuit according to one embodiment of the present 
invention. 

FIG. 5 is a How chart depicting a method of cancelling 
noise in a sWitch-mode poWer converter according to one 
embodiment of the present invention. 

In accordance With common practice, the various 
described features are not draWn to scale but are draWn to 
emphasiZe speci?c features relevant to the present invention. 
Like reference numbers and designations in the various draW 
ings indicate like elements. 

DETAILED DESCRIPTION 

In the folloWing detailed description, reference is made to 
the accompanying draWings that form a part hereof, and in 
Which is shoWn by Way of illustration speci?c illustrative 
embodiments in Which the invention may be practiced. These 
embodiments are described in su?icient detail to enable those 
skilled in the art to practice the invention, and it is to be 
understood that other embodiments may be utiliZed and that 
logical, mechanical, and electrical changes may be made 
Without departing from the scope of the present invention. 
Furthermore, the method presented in the draWing ?gures or 
the speci?cation is not to be construed as limiting the order in 
Which the individual steps may be performed. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense. 

Embodiments of the present invention enable the canceling 
of radiated acoustic and electromagnetic noise Without the 
need for complex algorithms. In particular, embodiments of 
the present invention utiliZe an auxiliary sWitching circuit 
Which substantially cancels radiated noise. Auxiliary sWitch 
ing circuits of the present invention enable the use of high 
poWer sWitch-mode poWer converters (eg on the order of 
20-100 KiloWatts) in submersible devices. In addition, aux 
iliary sWitching circuits in some embodiments of the present 
invention are loW poWer circuits (e. g. on the order of l 0 to 100 
Watts). Notably, although embodiments of the present inven 
tion are described With respect to a high frequency DC to DC 
converter, it is to be understood that any sWitch-mode poWer 
converter can be used in other embodiments. 

FIG. 1 is a block diagram ofa system 100 With an acous 
tically quiet poWer converter 102 according to one embodi 
ment of the present invention. In the example in FIG. 1, 
system 100 is a navigation system for submerged vehicles. 
HoWever, it is to be understood that poWer converter 102 can 
be used in other systems. PoWer converter 102 includes a 
sWitch-mode converter circuit 104 and an auxiliary sWitching 
circuit 106. Auxiliary sWitching circuit 106 is con?gured to 
have a duty cycle Which is approximately 180 degrees out of 
phase With the duty cycle of converter circuit 104. As under 
stood by one of skill in the art, the term “duty cycle” as used 
herein refers to the proportion of time that a sWitch is closed 
to the time it is open. Hence, a sWitch in auxiliary sWitching 
circuit 106 is approximately 180 degrees out of phase With a 
sWitch in the converter circuit 104. 



US 8,077,489 B2 
3 

SWitch-mode converter circuit 104 radiates acoustic noise 
due to switching during poWer conversion. This acoustic 
noise travels long distances When poWer converter 102 is 
submerged in a liquid. For example, in a submersible vehicle, 
the radiated acoustic noise can interfere With other compo 
nents such as navigation sensors 110. Navigation sensors 110, 
in this embodiment are implemented as SONAR sensors 
Which uses sound propagation for navigation. However, it is 
to be understood that other sensors can be used in other 
embodiments. 

In conventional systems, the corrupted sensor data can 
impair performance of the navigation control unit 112 Which 
receives the corrupted sensor data from navigation sensors 
110. HoWever, in system 100, auxiliary sWitching circuit 106 
emulates the acoustic signature of converter circuit 104 to 
radiate compensating acoustic noise Which substantially can 
cels the noise radiated by converter circuit 104. In particular, 
auxiliary sWitching circuit 106 produces an acoustic signa 
ture that is approximately 180 degrees out of phase With the 
noise radiated from converter circuit 104. Exemplary auxil 
iary sWitching circuits Which radiate compensating acoustic 
noise are shoWn and described in relation to FIGS. 2 and 3. 

Additionally, in some embodiments, sWitch-mode con 
verter circuit 104 radiates a magnetic ?eld Which introduces 
electromagnetic interference (EMI) that corrupts other com 
ponents in system 100 such as navigation sensors 110 and 
navigation control unit 112. In some embodiments, auxiliary 
sWitching circuit 106 is con?gured to produce a compensat 
ing magnetic ?eld signature Which is approximately 180 
degrees out of phase With the magnetic ?eld radiated from 
sWitch-mode converter circuit 104 in order to cancel the EMI 
produced by converter circuit 104. An exemplary auxiliary 
sWitching circuit Which produces a compensating magnetic 
?eld signature is shoWn and described in relation to FIG. 4. 

FIG. 2 is a block diagram of an acoustically quiet poWer 
converter 202 according to one embodiment of the present 
invention. PoWer converter 202 includes a sWitch-mode con 
verter circuit 204 and an auxiliary sWitching circuit 206. 
Auxiliary sWitching circuit 206 includes an RC circuit com 
prised of a capacitor 224 and a resistor 211. The RC circuit 
shapes voltage levels across the sWitch 220 as knoWn to one of 
skill in the art. SWitch 220 controls the storage and release of 
energy to produce a compensating acoustic signature in oppo 
site phase With the sWitches 213 in converter circuit 204. In 
particular, the duty cycle of sWitch 220 and the control of the 
amplitude of the electric current through sWitch 220 deter 
mine the acoustic compensating effect of auxiliary sWitching 
circuit 206. As shoWn in FIG. 2, storage component 224 is a 
capacitor in this embodiment. HoWever, it is to be understood 
that other suitable storage components, such as an inductor, 
are used in other embodiments. Similarly, sWitch 220, in this 
embodiment, is implemented as metal-oxide-semiconductor 
?eld-effect transistor (MOSFET). HoWever, in other embodi 
ments, other sWitches can be used such as insulated-gate 
bipolar transistors (IGBT). 

Auxiliary sWitching circuit 206 is con?gured such that the 
duty cycle of sWitch 220 is approximately 180 degrees out of 
phase With sWitches 213 in converter circuit 204. That is, 
When sWitches 213 are open, sWitch 220 is closed and vice 
versa. In particular, sensor 216 detects one or more charac 
teristics related to radiated acoustic noise from converter 
circuit 204. For example, in some embodiments, sensor 216 is 
a pieZoelectric transducer con?gured to monitor the acoustic 
strength of radiated acoustic noise. In other embodiments, 
sensor 216 is a current sensor coupled to the load side of 
transformer 214 and con?gured to monitor electrical current 
output of converter circuit 204. By measuring current, a cur 
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4 
rent sensor indirectly measures the strength of radiated acous 
tic noise due to the dependency of acoustic noise strength on 
the current in converter circuit 204. 

Sensor 216 outputs the measured characteristic to phase 
and amplitude circuit 218 (also referred to as a control cir 
cuit). Based on inputs from sensor 216, phase and amplitude 
circuit 218 determines When to sWitch on/off sWitch 220 and 
the amount of current to provide to sWitch 220 in order to 
adjust the amplitude and phase of the acoustic signature pro 
duced by sWitch 220. In particular, op amp 222 responds to 
control signals from phase and amplitude circuit 218 in order 
to control current levels through sWitch 220. The acoustic 
signature produced by sWitch 220 is ampli?ed via transducer 
226 Which is mechanically coupled to auxiliary sWitching 
circuit 206. Thus, vibrations from sWitch 220 are ampli?ed by 
transducer 226 to cancel the radiated, acoustic noise from 
sWitches 213. Transducer 226 is a ceramic transducer in this 
embodiment. HoWever, it is to be understood that any suitable 
transducer con?gured to acoustically amplify mechanical 
vibrations can be used in other embodiments. 

In operation, sWitches 213 open and close according to 
their duty cycle to control the output voltage of transformer 
214. When sWitches 213 are closed, capacitor 224 in auxiliary 
sWitching circuit 206 stores energy. When sWitches 213 are 
open, capacitor 224 releases the stored energy to provide 
current to auxiliary sWitching circuit 206. Sensor 216 detects 
and measures ambient acoustic noise and provides the mea 
surement of detected noise to phase and amplitude circuit 218 
Which calculates the amount of current (eg to calculate 
amplitude) released through sWitch 220 and the open/close 
operation of sWitch 220 (e. g. to calculate phase). SWitch 220 
is mechanically coupled to transducer 226. Mechanical vibra 
tions from sWitch 220 excite transducer 226 Which ampli?es 
the acoustic noise produced by the sWitching of sWitch 220. 
Since transducer 226 ampli?es the acoustic noise, auxiliary 
sWitching circuit is able to operate at much loWer poWer than 
converter circuit 204. Sensor 216 continuously monitors 
acoustic noise and provides feedback to phase and amplitude 
circuit 218 to adjust the amplitude and/or phase of the com 
pensating acoustic signature produced by sWitch 220 such 
that its acoustic signature is substantially equal to and 180 
degrees out of phase With the signature produced by sWitches 
213. Therefore, auxiliary sWitching circuit 206 provides sub 
stantial reduction of the ambient noise. 

Thus, auxiliary sWitching circuit 206 is a hardWare-based 
device Which substantially eliminates or reduces acoustic 
noise produced by the sWitching of sWitches 213. Auxiliary 
sWitch 206 does not require or use fast Fourier transform 
(FFT) algorithms or other complex procedures to cancel 
acoustic noise. Being hardWare-based and not using complex 
procedures reduces the cost of implementing an auxiliary 
sWitching circuit 206. Furthermore, by using a loW poWer 
auxiliary sWitching circuit, a high frequency converter can be 
used Which reduces the siZe and Weight of the poWer con 
verter as described above. 

Another hardWare-based embodiment of an auxiliary 
sWitching circuit is shoWn in FIG. 3. In FIG. 3, auxiliary 
sWitching circuit 306 is not coupled to a secondary Winding of 
storage component 314 as in poWer converter 202 in FIG. 2. 
Instead, auxiliary sWitching circuit 306 includes a separate 
transformer 328 Which taps into the DC-poWer-in side of 
converter circuit 304. Separate transformer 328 enables aux 
iliary sWitching circuit 306 to be more easily coupled to an 
existing converter circuit than auxiliary sWitching circuit 206 
Which is integrated With a converter circuit through a second 
ary Winding of storage component 214. HoWever, auxiliary 
sWitching circuit 306 functions similar to auxiliary sWitching 
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circuit 206. In particular, auxiliary switching circuit 306 radi 
ates an acoustic signature Which is approximately equal to 
and 180 degrees out of phase With radiated acoustic noise 
from sWitches 313 such that the radiated acoustic noise is 
substantially cancelled as described above. 

FIG. 4 is a block diagram of a poWer converter 402 con 
?gured to cancel EMI produced by a magnetic ?eld radiated 
by converter circuit 404 according to one embodiment of the 
present invention. Auxiliary sWitching circuit 406 of poWer 
converter 402 is coupled to converter circuit 404 via a sec 
ondary Winding of a storage component 414 as described 
above With respect to FIG. 2. Auxiliary sWitching circuit 406 
operates similar to auxiliary sWitching circuit 206. HoWever, 
auxiliary sWitching circuit 406 includes a coil 430 coupled to 
sWitch 420 rather than a mechanically-coupled transducer as 
in auxiliary sWitching circuit 206. Additionally, auxiliary 
sWitching circuit 406 includes a sensor 416 con?gured to 
detect the strength of a magnetic ?eld rather than acoustic 
noise as in auxiliary sWitching circuit 206. 

In operation, sWitches 413 open and close according to 
their duty cycle to control the output of poWer transformer 
414. When sWitches 413 are closed, capacitor 424 in auxiliary 
sWitching circuit 406 stores energy. When sWitches 413 are 
open, the stored energy is released from capacitor 424 by the 
closure of sWitch 420 as controlled by the phase and ampli 
tude circuit 418 to provide current to auxiliary sWitching 
circuit 406. Sensor 416 detects and measures the strength of 
the magnetic ?eld radiated by storage component 414. Sensor 
416 provides the magnetic ?eld measurement to phase and 
amplitude circuit 418 Which calculates the amount of current 
(e.g. amplitude) to provide to sWitch 420 and When to open/ 
close sWitch 420 (eg phase). Coil 430, Which is driven by 
sWitch 420, radiates a compensating magnetic ?eld according 
to the duty cycle of sWitch 420 and the amplitude of the 
released current. In particular, since the duty cycle of sWitch 
420 is approximately 180 degrees out of phase With sWitch 
413, coil 430 radiates a compensating magnetic ?eld that is 
equal to and 180 degrees out of phase With the magnetic ?eld 
radiated from transformer 414. Magnetic coil 430 is oriented 
in space to provide optimal magnetic signature attenuation to 
the poWer converter 402. Sensor 416 continuously senses the 
strength of the magnetic ?eld and provides feedback to phase 
and amplitude circuit 418 to adjust the amplitude and/or 
phase of the compensating magnetic ?eld radiated by coil 430 
such that the compensating magnetic ?eld is maintained sub 
stantially equal to and 180 degrees out of phase With the 
magnetic ?eld produced by transformer 414 as described 
above. 

FIG. 5 is a method 500 of cancelling noise in a sWitch 
mode poWer converter according to one embodiment of the 
present invention. Method 500 is implemented in a sWitch 
mode poWer converter having an auxiliary sWitching circuit 
such as auxiliary sWitching circuit 206 of poWer converter 
202 above. At 502, an auxiliary sWitch is sWitched at approxi 
mately 180 degrees out of phase With a sWitch in a converter 
circuit of the sWitch-mode poWer converter 202. That is, When 
the sWitch in the converter circuit is open, the auxiliary sWitch 
is closed and vice versa. At 504, energy for the auxiliary 
sWitching circuit is stored When the auxiliary sWitch is open. 
For example, a capacitor is used in some embodiments to 
store energy When the auxiliary sWitch is open. At 506, When 
the auxiliary sWitch is closed, the stored energy is released to 
the auxiliary sWitch. Releasing the stored energy provides 
current to the auxiliary sWitching circuit for producing com 
pensating noise Which cancels the noise radiated from the 
converter circuit. 
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At 508, one or more characteristics of noise radiated from 

the poWer converter are detected. The one or more character 

istics include current provided to the sWitch in the converter 
circuit, amplitude of radiated noise, etc. as described above. 
At 510, the current to the auxiliary sWitch is modi?ed to 
radiate compensating noise Which substantially cancels the 
radiated noise from the converter circuit. In particular, in 
some embodiments, a phase and amplitude circuit (e.g. phase 
and amplitude circuit 218 in FIG. 2) provides controls to the 
auxiliary sWitch and an op amp for controlling the phase and 
amplitude of the compensating noise. In some embodiments, 
the compensating noise is acoustic noise Which is ampli?ed 
as described above to cancel acoustic noise from the sWitch in 
the converter circuit. In such embodiments, the phase and 
amplitude circuit is con?gured to calculate the amount of 
current needed to produce the desired amplitude of the com 
pensating acoustic noise given the knoWn ampli?cation. 

In other embodiments, the compensating noise is a mag 
netic ?eld. In such embodiments, the phase and amplitude 
circuit is con?gured to control the amount of current through 
a coil to produce a magnetic ?eld Which cancels the magnetic 
?eld from the converter circuit given the knoWn characteris 
tics and spatial orientation of the coil. Method 500 returns to 
508 to obtain feedback on any detected changes in the radi 
ated noise. In this Way, the sWitching of the auxiliary sWitch is 
maintained approximately 180 degrees out of phase With the 
sWitching of the sWitch in the converter circuit. 

It is to be understoodthat although method 500 is presented 
in a serial fashion, tWo or more steps of method 500 can occur 
simultaneously in embodiments of the present invention. For 
example, energy released at block 506 can occur simulta 
neously as one or more characteristics of radiated noise are 
detected at 508. 

Although speci?c embodiments have been illustrated and 
described herein, it Will be appreciated by those of ordinary 
skill in the art that any arrangement, Which is calculated to 
achieve the same purpose, may be substituted for the speci?c 
embodiment shoWn. For example, in one embodiment, When 
reduced performance can be tolerated, the auxiliary sWitch 
ing circuit can be operated Without the transducer feedback 
and the phase and amplitude circuit. Therefore, the system is 
further simpli?ed and reliability is improved. In one such 
embodiment, the amplitude of the current in the auxiliary 
sWitching circuit is ?xed and synchroniZation is triggered by 
the sWitches in the converter. This application is intended to 
cover any adaptations or variations of the present invention. 
Therefore, it is manifestly intended that this invention be 
limited only by the claims and the equivalents thereof. 
What is claimed is: 
1. A sWitch-mode poWer converter comprising: 
A converter circuit comprising: 
a storage component con?gured to temporarily store input 

energy; and 
at least one sWitch con?gured to control release of the 

stored energy from the storage component; and 
an auxiliary sWitching circuit coupled to the storage com 

ponent, the auxiliary sWitching circuit comprising an 
auxiliary sWitch having a duty cycle that is approxi 
mately 180 degrees out of phase With the duty cycle of 
the at least one sWitch in the converter circuit such that 
the auxiliary sWitching circuit produces compensating 
noise Which substantially cancels noise radiated from 
the converter circuit. 

2. The sWitch-mode poWer converter of claim 1, Wherein 
the auxiliary sWitching circuit is con?gured to radiate acous 
tic noise Which substantially cancels acoustic noise radiated 
from the at least one sWitch in the converter circuit. 
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3. The sWitch-mode power converter of claim 1, Wherein 
the auxiliary switching circuit is con?gured to produce a 
magnetic ?eld Which substantially cancels a magnetic ?eld 
radiated from the converter circuit. 

4. The sWitch-mode poWer converter of claim 1, Wherein 
the storage component in the converter circuit is one of a 
capacitor and an inductor. 

5. The sWitched mode poWer converter of claim 1, Wherein 
the converter circuit is con?gured for operation in one of a 
poWer supply, an alternating current (AC) inverter, a pulse 
Width modulated motor controller, and a direct current to 
direct current (DC/ DC) converter. 

6. The sWitched mode poWer converter of claim 1, Wherein 
the auxiliary sWitching circuit is a loW poWer device. 

7. The sWitch-mode poWer converter of claim 1, Wherein 
the auxiliary sWitching circuit further comprises: 

a capacitor con?gured to store energy When the sWitch in 
the auxiliary sWitching circuit is open and to provide 
energy to the auxiliary sWitching circuit When the sWitch 
in the auxiliary sWitching circuit is closed; 

a sensor con?gured to detect one or more characteristics of 

radiated noise; and 
a control circuit con?gured to control current to the sWitch 

in the auxiliary sWitching circuit based on the one or 
more detected characteristics of the noise. 

8. The sWitch-mode poWer converter of claim 7, Wherein 
the auxiliary sWitching circuit further comprises a transducer 
mechanically coupled to the sWitch in the auxiliary sWitching 
circuit and con?gured to radiate acoustic compensating noise 
Which substantially cancels acoustic noise radiated from the 
converter circuit. 

9. The switch-mode poWer converter of claim 7, Wherein 
the sensor is one of a pieZoelectric sensor and a current sensor 

coupled to the at least one sWitch in the converter circuit to 
detect the converter load current. 

10. The sWitch-mode poWer converter of claim 7, Wherein 
the auxiliary sWitching circuit further comprises a coil 
coupled to the sWitch in the auxiliary sWitching circuit and 
con?gured to generate a magnetic ?eld Which substantially 
cancels a radiated magnetic ?eld from the storage component 
in the converter circuit. 

11. The sWitch-mode poWer converter of claim 7, Wherein 
the auxiliary sWitching circuit further comprises a trans 
former Which taps into a loW voltage side of the converter 
circuit. 

12. An auxiliary sWitching circuit comprising: 
a sWitch con?gured to sWitch open and closed; 
a capacitor con?gured to store energy When the sWitch is 

open and to provide energy to the auxiliary sWitching 
circuit When the sWitch is closed; 

a sensor con?gured to detect one or more characteristics of 
noise radiated by a sWitched mode converter circuit 
coupled to the auxiliary sWitching circuit; 

a control circuit con?gured to control current to the sWitch 
based on the one or more detected characteristics of the 
radiated noise such that the sWitch has a duty cycle that 
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is approximately 180 degrees out of phase With a sWitch 
in the sWitched mode converter circuit; and 

a noise cancelling component coupled to the sWitch in the 
auxiliary sWitching circuit and con?gured to radiate 
compensating noise Which substantially cancels the 
noise radiated from the sWitch-mode converter circuit. 

13. The auxiliary sWitching circuit of claim 12, Wherein the 
noise cancelling component is a transducer mechanically 
coupled to the sWitch in the auxiliary sWitching circuit and 
con?gured to radiate acoustic noise Which substantially can 
cels acoustic noise radiated form the sWitch in the sWitch 
mode converter circuit. 

14. The auxiliary sWitching circuit of claim 12, Wherein the 
noise cancelling component is a coil con?gured to generate a 
magnetic ?eld Which is substantially 180 degrees out of phase 
With a magnetic ?eld generated by the sWitch-mode converter 
circuit. 

15. The auxiliary sWitching circuit of claim 12, Wherein the 
sensor is a pieZoelectric transducer. 

16. The auxiliary sWitching circuit of claim 12, Wherein the 
sensor is a current sensor con?gured to measure the current 

through a sWitch in the sWitch-mode poWer converter. 
17. The auxiliary sWitching circuit of claim 12, further 

comprising a transformer con?gured to tap into a loW voltage 
side of the sWitched mode converter circuit. 

18. A method of cancelling radiated noise in a sWitch-mode 
poWer converter, the method comprising: 

sWitching an auxiliary sWitch approximately 180 degrees 
out of phase With at least one sWitch in a sWitch-mode 
converter circuit; 

storing energy When the auxiliary sWitch is open; 
releasing the stored energy to the auxiliary sWitch When the 

auxiliary sWitch is closed; 
sensing one or more characteristics of noise radiated from 

the sWitch-mode converter circuit; and 
modifying current of the released energy based on the 

sensed one or more characteristics to radiate compen 
sating noise Which substantially cancels the noise radi 
ated from the sWitch-mode converter circuit. 

19. The method of claim 18, Wherein sensing one or more 
characteristics comprises one of: 

sensing the amplitude of noise radiated from the sWitch 
mode converter circuit; and 

sensing current levels to the sWitch in the sWitch-mode 
converter circuit. 

20. The method of claim 18, Wherein modifying current of 
the released energy to radiate compensating noise comprises 
one of: 

modifying current to radiate a magnetic ?eld Which sub 
stantially cancels a magnetic ?eld radiated from the 
sWitch-mode converter circuit; and 

modifying current to radiate acoustic noise Which substan 
tially cancels acoustic noise radiated from the sWitch 
mode converter circuit. 


